Background: Although many studies have examined the relationship between uric acid (UA) and coronary artery disease (CAD), whether UA is an independent risk factor contributing to progression of CAD is still controversial. Whether UA plays a different role in different sexes is also unclear.
Background
Uric acid (UA) is the main end product of purine catabolism [1] . High UA levels are often accompanied by obesity, hyperlipidemia, hypertension, glucose intolerance, and insulin resistance [2] [3] [4] [5] , which contribute to the development of cardiovascular disease. Elevated UA levels are associated with coronary artery disease (CAD), independently of traditional CAD risk factors [6, 7] .
However, some studies have suggested that UA is only considered as a risk marker or an adaptive ascended to attempt to prevent atherosclerosis [8] [9] [10] , and this may be due to its antioxidant properties [11] . Although studies have examined the relationship between UA and CAD, whether increased UA is an independent risk factor that contributes to early CAD is still controversial.
Sex might be an important factor involved in the relationship between UA and CAD. In a subgroup analysis of LIFE [12] , the relationship between UA and CAD was significant only in women. A meta-analysis [6] found that UA was significantly correlated with CAD only in women. A strong association between UA and cardiac events has been observed in both sexes in other studies [13, 14] . Whether UA plays a different role in different sexes in the progression of CAD is unclear.
Therefore, in this study, we assessed the association between UA and coronary atherosclerosis in patients with suspected CAD who underwent 256-detector-row coronary computed tomographic angiography (CCTA). We further assessed these associations in sex subgroups.
Methods

Study population
This study included 5150 consecutive individuals (≥18 years) in China undergoing CCTA and coronary artery calcium score (CACS) measurements in our institution from September 2011 to February 2013. CCTA and measurement of the CACS were performed for the suspicion of CAD after clinical assessment (including cardiac symptoms, risk factors, electrocardiogram changes, and a positive stress test). Finally, 1116 individuals were enrolled ( Figure 1 ). All patients gave written inform consent, and the study was approved by the ethics committee of the First Affiliated Hospital of China Medical University.
Assessment of CAD risk factors
All patients were systematically asked about their demographics by professionals. Body weight, height, and blood pressure were measured. Hypertension was defined as a previously established diagnosis and/or antihypertensive medication, systolic blood pressure ≥140 mmHg, and diastolic blood pressure ≥90 mmHg. Diabetes mellitus was defined as a previously established diagnosis and/or antidiabetic treatment, and fasting glucose ≥126 mg/dl. A family history of CAD was defined as a first-degree male relative aged <55 years or a first-degree female relative aged <65 years. Smoking was defined as any cigarette smoking within 1 year of CCTA. Medication use was recorded in detail.
Total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), creatinine and UA levels were measured after at least a 12-h fasting period within 7 days of CCTA. The contents of UA were measured with enzyme kinetics in all enrolled patients, and it was uniform throughout the study period.
Acquisition of images
Computed tomography scans were performed using 256-detector-row CCTA (Brilliance; Philips Medical System, The Netherlands). Individuals with a heart rate ≥75 beats per minute were treated orally with up to 100 mg metoprolol for several hours (except for contraindications of beta-blockers) before CCTA imaging to achieve a higher image quality. First, after a scout radiograph of the chest (lateral and anteroposterior), a noncontrast CACS scan was performed, and the image section thickness was 2.5 mm by triggering at a heart rate depending on the percentage of the R-R interval. The sections were collected from the level of the carina and proceeded to the level of the diaphragm. Thereafter, retrospective electrocardiogram-gated contrast-enhanced CCTA was performed. The CCTA scan was initiated 20 mm above the level of the left main artery to 20 mm below the inferior myocardial apex during a single breath-hold. Depending on the individual's weight, a bolus of 50-80 ml of iopamidol or iohexol was intravenously injected at 4-5.5 ml/s into the antecubital vein, followed by 50 ml of saline. A standard scan protocol was applied, with section collimation of 256 × 0.625 mm, 0.27 s for rotation time, 120 KV tube voltage, and 800-1100 mA tube current. In all scans, electrocardiogramgate dose modulation was used. The electrocardiograms of individuals were simultaneously collected to allow for retrospective segmental data reconstruction. The images of all individuals were initially reconstructed at 75% of the R-R interval of the cardiac cycle. If motion artefacts were found, reconstruction of additional phases was performed. The best R-R interval image quality was chosen for interpretation. The dose range of radiation for CCTA was estimated to be 10-18 mSv.
Image analysis
All images were analysed separately by two experienced radiologists and one cardiologist who were blinded to the patients' characteristics. Consensus on interpretation was performed to achieve a final CCTA diagnosis. All scans were evaluated by a three-dimensional workstation (Brilliance; Philips Medical Systems). The CACS was measured using the scoring system previously described by Agatston et al. [15] .
The three reads were permitted to use any/all available post-processing image reconstruction algorithms, including two-dimensional axial or three-dimensional maximal intensity projection, multiplanar reformat, cross-sectional analysis, or the volume-rendered technique. A 16-segment coronary artery tree model [16] was used in the analysis of coronary arteries. In each coronary segment, plaques were defined as any tissue structure >1 mm 2 , which existed either within the coronary artery lumen or was adjacent to the coronary artery lumen, and could be discriminated from surrounding pericardial tissue, epicardial fat, or the vessel lumen itself. For evaluating the degree of stenosis, the coronary lumen was semi-automatically traced at the maximal stenosis site and was compared with the mean value of a proximal and distal reference site. The image quality was evaluated and classified as follows: good, with no artifact; adequate, with the presence of artifacts but feasible for evaluating the degree of stenosis and plaque characteristics; or poor, with the presence of artifacts and not feasible for evaluating the degree of stenosis and plaque characteristics. If an image was graded as poor, the image was not included.
Coronary lesions ≥50 and 70% were defined as significant and severe, respectively. Multivessel disease was defined as the presence of stenosis of more than 50% in at least two vessels. The stenosed coronary vessel of individuals was further categorized as having one-, two-, and three-vessel/left main disease. All detected plaques were classified as calcified, non-calcified, or mixed. The calcified component of a stenosis was defined as a lesion with radiodensity greater than the luminal contrast. The non-calcified component of a stenosis was defined as a lesion with radiodensity greater than that of neighbouring soft tissue and lower than the luminal contrast. Plaques that contained calcified tissue greater than 75% of the plaque area were classified as calcified plaques, less than 25% as non-calcified plaques, and 25-75% as mixed plaques [17] .
Statistical analysis
Baseline characteristics are expressed as absolute counts and proportions for categorical variables, and as means ± standard deviations for continuous variables. Continuous variables were analysed by analysis of variance and categorical variables were analysed by χ 2 test.
The association of UA with coronary atherosclerosis was assessed by the χ 2 test. Univariable and multivariable logistic regression were used to assess the association of UA with significant stenosis, multivessel disease, high CACS, and plaque characteristics. Variables that showed a P value <0.1 with univariable analysis were applied to multivariate analysis. All analyses were performed using SPSS 15.0. The level of significance was set at P < 0.05.
Results
Baseline characteristic baseline characteristics
Among the 1116 patients in the study, 50.7% were men, and the mean age was 58.05 ± 10.69 years. All individuals were stratified into four groups according to their UA quartile, the first quartile:<259 μmmol/l (n = 278); the second quartile: 259-309 μmmol/l (n = 274); the third quartile: 310-373 μmmol/l (n = 283) and the fourth quartile: >373 μmmol/l (n = 281). With increasing UA quartiles, the prevalence of male sex, smoking, and hypertension was significantly increased (all P < 0.01). Body mass index (BMI) and TC level were significantly higher (all P < 0.001) and HDL-C level was significantly lower (P < 0.001, Table 1 ). Figure 2 showed the representative view of mixed, noncalcified and calcified plaque.
Prevalence, characteristics, and the CACS of coronary artery plaques
Men and women were stratified into four groups according to their UA quartile. The quartiles of UA in men were the first quartile: 296 μmmol/l (n = 140); the second quartile: <296-349 μmmol/l (n = 140); the third quartile: 350-406 μmmol/(n = 144) and the fourth quartile: >406 μmmol/l (n = 142). The quartiles of UA in women were the first quartile: <238 μmmol/l (n = 136); the second quartile: 238-273 μmmol/l (n = 137); the third quartile: 274-326 μmmol/ l(n = 138) and the fourth quartile > 326 μmmol/l (n = 139). With increasing UA quartiles in total (men and women combined) and in women, the prevalence of plaques were significantly increased (total: 56.8% vs 62.0% vs 70.0% vs 73.0%, P < 0.001; women: 47.1% vs 57.7% vs 59.4% vs 69.8%, p = 0.002, ( Figure 3A ), significant stenosis were significantly increased (total: 25.5% vs 30.3% vs 39.6% vs 40.2%, P < 0.001; women: 16.9% vs 29.2% vs 30.4% vs 33.1%, P = 0.010, Figure 3B ), and severe stenosis were significantly increased (total: 12.9% vs 18.2% vs 21.9% vs 25.6%, P = 0.001; women: 8.1% vs 16.8% vs 17.4% vs 19.4%, P = 0.032, Figure 3C ).
The incidence of double-vessel lesions was only significantly increased with UA quartiles in women (9.6% vs 13.1% vs 14.5% vs 23.0%, P = 0.017, Figure 3E ). In total and in women, the proportion of triple-vessel/left main artery lesions were highest in the fourth quartile (total: 15.8% vs 19.3% vs 26.5% vs 28.8%, P < 0.001; women: 13.2% vs 16.8% vs 24.6% vs 25.2%, P = 0.027, Figure 3F ).
The proportion of a CACS of 0 in total, in men, and in women were lowest in the fourth quartile (total: 64.4% vs 59.1% vs 49.1% vs 46.6%, P < 0.001; men: 55.7% Table 1 Baseline characteristics of the all study population according to the quartiles of the serum uric acid vs 46.4% vs 41.0% vs 35.9%, P = 0.006; women: 75.7% vs 72.3% vs 60.9% vs 51.8%, P < 0.001, Figure 4A ). The increasing quartiles of UA were significantly associated with a CACS >10 in total (30.6% vs 32.5% vs 41.7% vs 44.5%, P = 0.001) and in women (22.1% vs 24.1% vs 31.2% vs 41.0%, p = 0.002, Figure 4B .). As UA levels increased in women, the proportion of mixed plaques significantly increased (21.7% vs 22.7% vs 24.5% vs 30.5%, P = 0.022, Figure 5C ).
Univariate and multivariate logistic regression models
In multivariate analysis for men and women combined, age, male sex, smoking, hypertension, and diabetes mellitus (DM) were significantly associated with significant stenosis, multivessel disease, and a high CACS (all p < 0.001). HDL-C level was only significantly associated with significant stenosis and multivessel disease (both P ≤ 0.002). UA was the strongest predictor for significant stenosis, multivessel disease, and a high CACS in univariate analysis (all P < 0.001), but this association was not apparent after adjustment ( Table 2) . The same analyses were performed for men and women (Tables 3 and 4 ). For men, significant predictors of significant stenosis were age, hypertension, and HDL-C levels after adjustment (all p < 0.05). Significant predictors of multivessel disease were age and hypertension after adjustment (both P < 0.05). The strongest risk factors for a high CACS were age and hypertension after adjustment (both P < 0.05, Table 3 ). For women, significant predictors of stenosis were age, hypertension, DM, and UA after adjustment (all P < 0.05). Significant predictors of multivessel disease were age, hypertension, DM, and UA after adjustment (all P < 0.05). The strongest risk factors for a high CACS were age, hypertension, DM, and HDL-C levels after adjustment (all P < 0.05, Table 4 ).
In total, significant predictors of significant stenosis were age, male sex, smoking, hypertension, and DM after adjustment (all P < 0.05). Significant predictors of non-calcified plaques were age, smoking, hypertension, DM, and HDL-C levels after adjustment (all P < 0.05). After adjustment, the strongest risk factors for mixed plaques were age, male sex, smoking, hypertension, DM, and UA (all P < 0.05, Table 5 ). For men, significant predictors of calcified plaques were age, hypertension, DM, and HDL-C after adjustment (all P < 0.05). The strongest risk factors for non-calcified plaques were age, smoking, DM, and HDL-C in univariate and multivariate analysis (all P < 0.05). The strongest risk factors for a high CACS were age, smoking, and HDL-C levels after adjustment (all P < 0.05, Table 6 ). For women, significant predictors of calcified plaques were age, hypertension, and DM after adjustment (all P < 0.05). Significant predictors of non-calcified plaques were age, hypertension, and HDL-C after adjustment (all P < 0.05). Age, hypertension, DM, and UA were significantly associated with mixed plaques in univariate and multivariate analysis (all P < 0.05, Table 7 ).
Discussion
In this study of individuals with suspected CAD using 256-detector-row CCTA, we analysed the association of UA with coronary atherosclerosis. We found the following findings. 1) Overall and in women, the prevalence of coronary atherosclerosis, severe stenosis, and triple-vessel/ left main artery lesions of plaques were significantly increased with increasing quartiles of UA. UA was significantly associated with double-vessel lesions in women. 2) A B Figure 4 Prevalence of coronary artery calcium score = 0 across quartile of serum uric acid levels (A), prevalence of coronary artery calcium score >10 across quartile of serum uric acid levels (B).
UA was significantly negatively correlated with the proportion of a CACS of 0, but was positively correlated with the proportion of a CACS >10 overall and in women. The incidence of mixed plaques was significantly increased only in women with elevated UA levels. 3) After adjustment, only UA was a significant predictor of significant stenosis, multivessel disease, and mixed plaques in women. UA was not significantly associated with coronary atherosclerosis in men.
Coronary artery angiography (CAG) is the gold standard for diagnosing CAD, but CAG cannot determine the characteristics of plaques. CAG would be difficult to use Family history of CAD as a general screening tool in China because of its highly invasive nature, radiation exposure, and cost. The technique of 256-detector-row CCTA with a shorter scanning time can improve image quality and it has a minimal radiation dose [18] . Use of CCTA in a general routine health evaluation is not discouraged [19] . Therefore, healthy subjects were not included in our study. We enrolled those patients with suspected CAD who needed to have a CCTA examination while undergoing a clinician's assessment. CCTA is a screening tool for assessing individuals of suspected CAD, and is the most feasible and effective method to reflect widespread epidemiology and characteristics of early CAD in China. Many studies have assessed the association of UA with CAD and clinical outcome, but the results were still controversial. Kocaman et al. found that UA was an independent predictor of CAD in individuals undergoing CAG [20] . However, the Framingham studies showed that UA was not an independent predictor of CAD and cardiovascular outcomes [21] , and similar results were found in the ARIC study [22] and a study by Strask et al. [23] . Carotid intima-media thickness (C-IMT) measured by ultrasonography is widely used as a surrogate marker for atherosclerotic disease and directly associated with increased risk of cardiovascular disease. The higher UA levels were associated with higher C-IMT independent from hypertension, UA levels were independently associated with C-IMT [24, 25] . But a study shown UA was not significantly associated with C-IMT, UA was associated with Internal carotid artery resistive index in hypertensive women, suggesting that there might gender-related differences in the relationship between UA and vascular damage [26] . In our study, although the prevalence and degree of plaques were significantly increased with UA overall, UA was not a significant independent predictor. Several studies have shown conflicting results on the association between UA and CAD in men and women. Some studies have demonstrated that UA was an independent risk factor for CAD in both sexes [13, 14] . A high UA level was found to be an independent predictor for cardiovascular mortality in men [27] . In the LIFE study, the significant association of UA with CAD was found only in women [12] . Cardiovascular death was increased by 1.77 times in men and 3.0 times in women in the upper UA quartile in the NHANES I study [28] . A previous study reported that UA levels only in women were associated with CAD [29] . Our study supported the opinion that UA was an independent predictor for the prevalence and severity of early CAD only in women.
Previous reports have proven the highly predictive value of the CACS on cardiovascular outcomes [30, 31] . Some studies have shown a significant relationship between UA and the CACS [32] [33] [34] , and a recent study showed that UA was an independent factor predictive of the CACS [34] . However, some studies did not support these previous findings [7, 35] . In our study, we found that UA was significantly associated with the CACS, but UA was not an independent risk factor for a high CACS overall, in men and women. The relationship between UA and CACS, and the concrete mechanisms are still unclear. Few studies have focused on the role of UA in characterization of plaques as shown by CCTA. One study showed that UA was only significantly associated with calcified plaques [36] . In our study, only UA was an independent predictor for mixed plaques overall and in women. The relationship between UA and mixed plaques was likely caused by the female subgroup. Many studies have indicated that mixed plaques might be the biggest risk of plaque rupture, causing acute coronary events [37, 38] . This may be a rational explanation for why high UA level was associated with an increase in the prevalence of mixed plaques in women, which causes an increase in the incidence of adverse cardiovascular outcomes. However, there are too few studies on the relationship between UA and plaque characteristics, and further studies are required.
UA is a general antioxidant in the body, and a high UA level is suggestive of oxidative stress, endothelial dysfunction, and slow coronary artery flow [39, 40] . UA promotes vascular smooth muscle proliferation, and upregulates the expression of monocyte chemoattractant protein-1 and platelet-derived growth factor [41] . Endothelial dysfunction is an important step in the development of atherosclerosis. A recent study showed a relationship between UA and endothelial dysfunction of coronary microvasculature only in women [42] , which may be a possible explanation for the significant association between UA and CAD in women. The underlying mechanisms behind the significant relationship between UA and CAD in women but not men remain enigmatic. Our study suggests that UA plays an important role in coronary atherosclerosis in women.
The incidence of cardiovascular events is still high after controlling for traditional risk factors. Our study suggests that UA should be considered as an additional risk factor beyond traditional factors for CAD in women. However, a randomized study still needs to be performed to determine the effect of UA-lowering therapies on cardiovascular prevention. In the GREACE study, decreased UA levels by atorvastatin were independently correlated with a reduced risk of cardiovascular outcomes [43] . The LIFE study showed an association between UA and cardiovascular events in hypertensive women, the unique results may be due in part to the specific feature of reduction of UA by losartan, but it did not mean that the beneficial effects observed with losartan were contributed to decreasing UA levels [12] . The relationship between low UA level and cardiovascular benefits is still uncertain. Therefore, further research should be performed to assess the direct relationship between decreasing UA level and cardiovascular benefits.
There were several limitations to our study. All individuals were suspected of having CAD, we mainly want to explore the relationship between UA and early CAD in the study. Patients with known CAD may implement lifestyle modifications and drugs intervention to some extent, the real relationship between UA and CAD may be influenced by those confounding factors, So, we exclude the patients who had known CAD. There was a possible selection bias and this could restrict generalizability of our results to similar care settings. Unmeasured confounders may have affected our results. In our study, almost 90% of women were post-menopausal and few women received oestrogenreplacement therapy. Therefore, we did not analyse the potential effects of oestrogen on the relationship between UA and CAD. In cross-sectional analysis, we did not find a longitudinal relationship between UA and cardiovascular outcomes. In spite of these limitations, the strong association of UA with early CAD in women had an important clinical significance in prevention and treatment of CAD. Longitudinal studies are required to confirm the association of UA with CAD and cardiovascular outcome.
